Beltsville Poultry Semen Extender (BPSE) and Lake's Diluent A (LDA) were compared with minimum essential medium (MEM) for their ability to maintain the fertilizing capacity of cock semen held 6 hr at 41 C. Motility significantly declined from the beginning to the end of the holding period for semen in BPSE and LDA. Only in LDA, however, were the number of live spermatozoa significantly reduced. Although there were no differences in oxygen (0 2 ) consumption measured at 1 and 6 hr for semen in BPSE and MEM, a significant reduction in 0 2 consumption was observed between these time periods for semen in LDA. Fertility of semen held in MEM (90.3%) was significantly higher than the unstored control semen (82.9%) and semen held in either BPSE (3.5%) or LDA (1.9%). No differences in hatchability of fertile eggs were observed between the semen groups.
INTRODUCTION
Although the fertilizing ability of cock spermatozoa can be retained in vitro for 24 to 48 hr at 5 C (Sexton, 1979; 1980) , this ability is lost within a few hours when incubated 'in vitro at 41 C (Schindler et al., 1955) . Ashizawa et al. (1976) reported prolonged in vitro survival of cock spermatozoa (2 and 4 days) at 41 C in the presence of tissue cultured cells (TCC) and high levels of fertility (89 to 91%) the first week following intramagnal (surgical) insemination. Fujihara and Howarth (1980) demonstrated that tissue culture fluid (TCF) removed from cultured cells (obtained from the shell gland) was capable of maintaining sperm survival. In a subsequent study Howarth (1981) observed that the cell culture medium referred to as minimum essential medium (MEM) alone was as beneficial as TCF or TCC in maintaining in vitro sperm survival. Fertility following intravaginal insemination was 75, 77, and 80% for semen incubated at 41 C for 6 hr in MEM, TCF, and TCC, respectively. The present study was conducted to compare the ability of MEM, Beltsville Poultry Semen Extender (BPSE) (Sexton, 1978) , and Lake's Diluent A (LDA) (Lake, 1960) to maintain cock semen for 6 hr at 41 C.
1 Supported by State and Hatch funds allocated to the Georgia Agricultural Experiment Stations of the University of Georgia.
MATERIALS AND METHODS
Approximately 12 ml of pooled semen was collected from Arbor Acre broiler-type males (28 weeks of age at the beginning of the experiment). Nine milliliters of undiluted semen was divided into 3 equal parts and diluted 1:9 with the appropriate diluent within 30 min of collection. The MEM consisted of nine parts MEM (Eagle modified autoclavable medium with Earle's salts -#F-17 obtained from Grand Island Biological Company, P.O. Box 68, Grand Island, NY 14072) and one part heat inactivated (56 C for 30 min) fetal calf serum. In addition, 50 mg gentamicin sulfate and 1 ml L-glutamine were added per 100 ml of MEM. T. J. Sexton (US Department of Agriculture, Beltsville, MD) prepared the BPSE, and LDA containing fructose was prepared as outlined by Lake (1960) . Gentamicin sulfate was added to both the BPSE and LDA at the same concentration used in MEM (50 mg/100 ml). Each of the diluted samples was placed in a 75-cm 2 plastic tissue culture flask and held at 41 C for 6 hr and exposed to 5% C0 2 plus 95% air in a C0 2 cell culture incubator. A fourth sample (2.4 ml) of the pooled semen was diluted with 21.6 ml MEM, immediately reconcentrated by centrifugation (600 X g for 15 min), and resuspended to a final volume of 2.0 ml with MEM. A group of 20 White Leghorn (control) hens were inseminated intravaginally with this sample of semen (.1 ml/hen) within 60 to 90 min of semen collection. All hens were 26 weeks of age at the start of the experiment.
At the end of the holding period, each of the three diluted . semen samples was likewise reconcentrated by centrifugation and resuspended to a final volume of 2.0 ml with its respective diluent. Over the 9-week experimental period, resuspended sperm concentrations ranged from 2.6 to 3.5 X 10 9 /ml. Variation in sperm concentrations between semen samples within each weekly replicate were negligible (less than 3 X 10 6 sperm/ml). Twenty hens per semen group were each intravaginally inseminated weekly with .1 ml of semen. To determine fertility, eggs were collected daily, set weekly, and candled after 5 days of incubation. Eggs thought to be infertile were broken open and examined macroscopically for evidence of embryonic development. Fertile eggs were incubated to term to determine hatchability.
Oxygen Consumption of Sperm. Sperm respiration was evaluated on each sample of semen at the beginning (one hr after dilution and placement of the sample in the C0 2 incubator) and end of the holding period using a Yellow Springs biological oxygen monitor (YSI model 53) and a Clarke type polarographic oxygen electrode (YSI model 5331). The oxygen (0 2 ) electrode was calibrated using the method of Robinson and Cooper (1970) for determining 0 2 concentrations in biological media. Three-milliliter aliquots of each sample were removed from the holding flasks and individually placed in separate sample chambers of the 0 2 monitor. Samples were stirred for 5 min to allow for equilibration of temperature (41 C) and to oxygenate the samples. Change in percent saturation of 0 2 was recorded each min over a 5-min period, and the 0 2 consumed was expressed as microliters of 0 2 taken up per 10 8 sperm per hr.
Determination of Motility, Concentration, and Live Spermatozoa. Motility, concentration, and live spermatozoa were assessed on the pooled semen approximately 30 min after collection and on the reconcentrated, resuspended semen samples at the end of the 6-hr holding period.
A drop of semen was mixed with 2 ml of the appropriate diluent maintained at room temperature (approximately 25 C). The semen diluent mixture was allowed to equilibrate for 5 min prior to assessing motility. Sperm concentration was determined with a standard Neubauer hemacytometer after 1:100 dilution in physiological saline with .1% formalin added to eliminate motility. Percent live spermatozoa was assessed by the method of Ernst and Ogasawara (1970) . The stain was prepared by dissolving 5 g of nigrosin and 1 g of fast green in 100 ml Lake's diluent.
Results were subjected to analysis of variance, and differences between treatment means were analyzed by Duncan's multiple range test using the analysis of variance procedure in SAS (Helwig and Council, 1979) .
RESULTS AND DISCUSSION
Evaluations of motility, percent live spermatozoa, and oxygen consumption of cock semen held for 6 hr at 41 C in MEM, BPSE, and LDA are shown in Table 1 . Due to the limited number of degrees of freedom available for testing differences between means, weekly values were pooled within each parameter evaluated. Differences between means obtained at the beginning and end of the 6-hr holding period were evaluated for each diluent and semen parameter. We did not test differences between means for semen treatments (diluents) within each time period, but it is obvious that a reduction in the initial motility of cock semen occurred within 5 min after dilution in LDA (66.1%) as compared to semen diluted in MEM (91.2%) or BPSE (80.0%). Holding semen for 6 hr significantly (P«.05) depressed the motility of semen diluted in either BPSE or LDA when compared to the values assessed 30 min after semen collection. A significant (P<.0001) diluent by time interaction was obtained for sperm motility due to differences in the reduction of motility in the three diluents over the 6-hr holding period.
Only in LDA were the number of live spermatozoa significantly (P«.05) reduced during the 6-hr holding period. There were no significant differences in 0 2 consumption measured at 1 and 6 hr for semen in BPSE or MEM. In contrast, a significant (P«.05) reduction in 0 2 consumption was observed between these time periods for semen held in LDA. A significant (P<.003) interaction was observed between diluent and time as 0 2 consumption increased during the holding period for semen in MEM and BPSE but decreased for semen in LDA. The initial (1 hr) 0 2 consumption values for semen, irrespective of diluent, are comparable with values reported by Hamner and Williams (1964) . The possibility that diluted semen contained bacteria, which could bias the observed 0 2 consumption by spermatozoa, was not substantiated in the present investigation, because all three diluents contained a bactericidal antibiotic -gentamicin sulfate. Total aerobic bacterial counts were determined on pooled (undiluted) semen immediately after collection and on diluted semen samples after the 6-hr holding period using standard microbiological techniques. The total bacterial count for pooled semen was 52 X 10 3 /ml, in contrast to <10/ml for diluted semen held 6 hr at 41 C.
The data reported in Table 2 exhibit clearly a difference between the three diluents in maintaining the fertilizing ability of cock semen for 6 hr at 41 C. Fertility of semen held 6 hr in MEM was significantly (P«.05) higher (90.3%) than the unstored control semen (82.9%) and semen held 6 hr in either BPSE (3.5%) or LDA (1.9%). The BPSE and LDA, used successfully for semen preservation at 0 to 5 C (Sexton, 1979 (Sexton, , 1980 and Lake, 1960, respectively) , do not possess the same capability for preserving the fertilizing ability of semen at 41 C.
A possible explanation for the lower fertility in the unstored control than in the semen held for 6 hr in MEM is the time of day the control hens were inseminated. In this study, control hens were inseminated between 10 and 11 a.m. whereas semen samples held for 6 hr were inseminated between 4 and 5 p.m. Johnston and Parker (1980) have indicated that fertility is decreased when hens are artificially inseminated within 1 hr after or 4 hr before oviposition.
While the low fertility obtained with semen held for 6 hr in LDA would have been expected based upon results of the semen evaluation at the end of the holding period, the low fertility of semen in BPSE was unexpected. The onlyindication for a decline in fertility for semen in BPSE prior to insemination was a reduction in motility from 80.0 to 57.4%.
There were no differences between semen treatments (diluents) for hatchability of fertile eggs. The data clearly indicate that MEM not only preserves the fertilizing capacity of a relatively high proportion of spermatozoa (Table 2 ) but offers a means of evaluating cock spermatozoa over a 6 hr period in vitro at a temperature (41 C) comparable to that of the hen's oviduct.
